Amendments to the Claims : 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

1 . (currently amended) A method for identifying coquoncos of molecu le s a 
macromolecule having a sequence and sequence modifications thereof from mass 
spectrometry data comprising: 

[[a.]] (a) producing providing at least one de novo sequence from mass 
spectrometry data of sequences of molocu le s fragments of said macromolecule . 

[[b.]] (bj calculating at least one mass-based alignment between eaeh said at 
least one de novo sequence and sequences in a sequence database, wherein the 
molecular masses of mo l ocu le s said fragments in the a de novo sequence are 
compared to molecular masses of molocu l es fragments in each sequence in the said 
sequence database, 

[[c.]] {c] interpreting mass differences of modif i cat i on s i t e s between the 
sequence in the sequence database and the de novo sequence using a modification 
catalog, said mass differences having that havo been identified by th e within said mass- 
based alignment as mod i f i cat i ons idont i fiod i n a mod i f i cat i on catalog , 

[[d.]] {d} calculating at least one match score for the mass-based alignment that 
provides an indication of matching between the a sequence in the sequence database 
and the de novo sequence, 

[[e.]] (e) identifying sequences in the sequence database from mass-based 
alignments in response to the match scores, ar>4 

[[f.]] (f) grouping identifications of sequences in the sequence database from at 
least one de novo sequence into an identified macromolecule list that agrees with the 
de novo sequencing resultsrr.i l. and 

(o) storing said macromolecule list on a computer readable medium. 

2. (currently amended) The method of claim 1 , wherein the mass 
spectrometry data [[is]] are generated from a tandem mass spectrometer device. 
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3. (currently amended) The method of claim 1 , wherein at least one de novo 
sequence is an estimated sequence of mo l ecu le s fragments generated from the mass 
spectrometry data dor i vod from a soquonco of mo l ecu le s . 

4. (currently amended) The method of claim 3, wherein a de novo sequence 
is a complete or partial sequence of mo le cu le s fragments . 

5. (currently amended) The method of claim 3, wherein a de novo sequence 
contains i ncorr e ct or un i d e nt i f i ab le r e g i on ambiguous mass regions of molecules where 
the exact sequence of mo le cu le s fragments cannot be determined. 

6. (currently amended) The method of claim 5, wherein a mass region is the 
molecular mass of the mo l ecu l es fragments in an unidentifiable region of molecules. 

7. (currently amended) The method of claim 1, wherein at least one 
mo l ecu le fragment is an amino acid and at least one sequence of molocu l os fragments 
is a peptide. 

8. (original) The method of claim 7, wherein the peptides are derived by an 
enzymatic digestion of proteins. 

9. (original) The method of claim 7, wherein the sequence database is a 
database of amino acid sequences of proteins. 

10. (original) The method of claim 7, wherein the sequence database is a 
database of amino acid sequences derived from nucleotide sequences. 

1 1 . (original) The method of claim 7, wherein the sequence database is a 
database of de novo peptide sequences. 

12. (currently amended) The method of claim 7, wherein the sequence in the 
sequence database is a particular amino acid sequence i n th e s e quence databas e. 

1 3. (currently amended) The method of claim 6, further comprising: 
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[[a.]] (h) identifying a sequence in the sequence database with a tag match, and 
[[b.]] (i) generating a mass-based alignment between a de novo sequence and 
the sequence in the sequence database. 

14. (original) The method of claim 13, wherein a mass-based alignment is a 
series of consecutive local mass-based alignments on either side of a tag match. 

15. (original) The method of claim 14, wherein a tag match is when a tag in 
the de novo sequence has been shown to be equivalent to a tag in a sequence in the 
sequence database by way of a tag search. 

16. (original) The method of claim 15, wherein a tag search is used to identify 
a subset of sequences in the sequence database from which to compute mass-based 
alignments. 

17. (currently amended) The method of claim 16, wherein a tag is a sequence 
of consecutive mo l ocu l os fragments of a specified length, af*d wherein the specified 
length is 2 to 4 molecu le s fragments in l ength . 

18. (currently amended) The method of claim 16, wherein single molecules 
fragments of the tag and sequences in the sequence database that have the same 
nominal weight are represented by a single mo l ecul e fragment . 

19. (currently amended) The method of claim 14, wherein mo lo cu l os 
fragments at either side of the tag match in both the de novo sequence and the 
sequence of the sequence database are converted into mass objects. 

20. (original) The method of claim 19, wherein a mass object is at least one 
molecular mass and a name for that mass. 

21 . (currently amended) The method of claim 18, wherein for single 
molocu l os fragments , mass objects are assigned the molecular mass of the single 
mo l ecul e fragment . 
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22. (original) The method of claim 18, wherein for unidentifiable mass 
regions, mass objects are assigned the molecular mass of the unidentifiable mass 
region. 

23. (original) The method of claim 18, wherein for reference amino acids, 
which represent multiple amino acids, mass objects are assigned the molecular mass of 
each amino acid. 

24. (original) The method of claim 19, wherein for variably modified amino 
acids, mass objects are assigned multiple molecular masses. 

25. (currently amended) The method of claim 1 9, wherein mass regions are 
treated as single mo l ecules fragments with a single molecular mass. 

26. (currently amended) The method of claim 19, wherein a gap is a mass 
object of zero molecular mass that represents no mo l ocu le fragment . 

27. (original) The method of claim 19, wherein a local mass-based alignment 
is a matching of at least one consecutive mass object in the sequence in the sequence 
database and at least one consecutive mass object in a de novo sequence. 

28. (currently amended) The method of claim 27, wherein each local mass- 
based alignment is generated with a breadth-first search, wherein all possible 
sequential combinations of mass objects of tho next a specified number of mass objects 
are compared. 

29. (currently amended) The method of claim 28, wherein the said specified 
number of mass objects used in the broadth f i rst breadth-first search is the a search 
depth. 

30. (original) The method of claim 29, wherein the search depth is 3-5. 
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31 . (currently amended) The method of claim 21 , wherein the broadth first a 
breadth-first search is used identify the local mass-based alignment as either a mass 
match, a substitution, or a gap match[[:]]. 

32. (currently amended) The method of claim 31 , wherein tho broadth f i rst 
said breadth-first search first tries to identify a mass match, as a local mass-based 
alignment where the sum of the molecular masses of the consecutive mass objects in 
the sequence in the sequence database and the sum of the molecular masses of the 
consecutive mass objects in a de novo sequence are equal within a specified mass 
tolerance. 

33. (original) The method of claim 31 , wherein if there are no mass objects 
left on the side of the tag match in the sequence in the sequence database, a gap 
match is identified as a local mass-based alignment between a gap and at least one 
consecutive mass object in either the sequence in the sequence database or the de 
novo sequence. 

34. - (original) The method of claim 31 , wherein if a mass match or a gap 
cannot be identified, then the breadth first search identifies a modification site as a local 
mass-based alignment where the sum of the molecular masses of the consecutive 
mass objects in the sequence in the sequence database and the sum of the molecular 
masses of the consecutive mass objects in a de novo sequence are not equal within a 
specified mass tolerance. 

35. (original) The method of claim 31 , wherein the number of mass objects in 
the de novo sequence and the number of mass objects in the sequence database is 
minimized. 

36. (original) The method of claim 31 , wherein the specified mass tolerance is 
designated by a mass tolerance of a tandem mass spectrometer device that generates 
the mass spectrometry data. 
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37. (currently amended) The method of claim 28, wherein a now l oca l mass- 
basod alignment ic gonoratod start i ng from tho noxt molocu l o in tho do novo soquonce 
and tho noxt mo l oculo in tho soquonco in tho soquonco databaco aftor tho l oot molocu l o 
that i s matched i n tho broadth first soaroh i n oaoh rospeotivo soquonc e after_all 
fragments are matched in the breadth-first search in each respective sequence, a new 
local mass-based alignment is generated starting from next fragment following the last 
fragment that was matched in the de novo sequence and next fragment following the 
last fragment that was matched in the seguence in the seouence database . 

38. (original) The method of claim 37, wherein a series of local mass-based 
alignments are made until the entire de novo sequence has been accounted for by the 
sequence in the sequence database in the mass-based alignments. 

39. (currently amended) The method of claim 38, wherein a maximum 
number of consecutive modification sites are porformod identified . 

40. (currently amended) The method of claim 39, wherein the maximum 
number of consecutive modification sites is [[1-or]] 1 or 2 local mass-based alignments 
in length. 

41 . (currently amended) The method of claim 39, wherein the modification 
information about mod i f i cat i ons is cataloged in a modification catalog. 

42. (currently amended) The method of claim 41 , wherein the said 
modification information includes at least one of, molecular mass of the modification, a 
specific molecu le s fragments where the modification occurs, a frequency of occurrence 
of the modification at those mo l oculos fragments , wherein the frequency of occurrence 
is the estimated frequency in nature or a frequency as a sample preparation artifact, a 
mass object for the modification, which represents the additional mass of the 
modification to the de novo sequence at those mo l ocu l os fragments . ane" the name of 
the modification, and a modification score for the modification. 
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43. (currently amended) The method of claim 42, wherein [[a]] said 
modification is selected from, an in vivo or in vitro protein, a peptide modification, and 
an amino acid substitution. 

44. (currently amended) The method of claim 43, further comprising: ranking 
the mod i ficat i ons modification , wherein the ranking is based on their jts frequency of 
occurrence. 

45. (currently amended) The method of claim 44, further comprising: 
identifying a most probable modification in the modification site from the modification 
catalog by matching elements to elements in modifications in the modification catalog 
that are selected from at least one of, the mass difference, the mo l oou le s fragments in 
the sequence database in the modification site, and the ranking of the modification in 
the modifications catalog. 

46. (original) The method of claim 45, wherein the mass difference is the 
difference between the sum of the molecular masses of the consecutive mass objects in 
the sequence in the sequence database and the sum of the molecular masses of the 
consecutive mass objects in a de novo sequence in a local mass-based alignment. 

47. (currently amended) The method of claim 45, wherein the mass object of 
an identified modification is inserted into the tn-the mass-based alignment, which 
creates a mass match between the de novo sequence and the sequence in the 
sequence database. 

48. (currently amended) The method of claim 38, further comprising: 
computing a match score of the each mass-based alignment, wherein the match score 
being a measure of how well the sequence in the sequence database matches the de 
novo sequence. 
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49. (currently amended) The method of claim 48, wherein [[a]] sajd match 
score is generated from the linear combination of local alignment scores from the series 
of local mass-based alignments. 

50. (Original) The method of claim 49, wherein each of a series of consecutive 
local mass-based alignments receives a score and is classified. 

51 . (original) The method of claim 50, wherein each local alignment score is 
generated using a substitution matrix, depending on whether the local alignment is a 
mass match, a modification site, or a gap match. 

52. (currently amended) The method of claim 51 , wherein the substitution 
matrix contains a substitution matrix score of at least one molecu le fragment . 

53. (currently amended) The method of claim 52, wherein the substitution 
matrix identity score is a substitution matrix score between a mo l ecu le fragment and 
itself. 

54. (currently amended) The method of claim 53, wherein the substitution 
matrix substitution score is a substitution matrix score between a mo le cul e fragment 
and a different mo l ecu l e fragment . 

55. (currently amended) The method of claim 54, wherein the substitution 
matrix score is the log of the odds score of an identity of a mo l ocu l o fragment or a 
substitution between two molocu l os fragments . 

56. (currently amended) The method of claim 52, wherein the local alignment 
score for a mass match is the average value of the substitution matrix identity scores for 
all of the mo l ecul e s fragments in the sequence in the sequence database matched in 
the local alignment. 

57. (currently amended) The method of claim 56, wherein if at least one of 

the mo l ecul e s fragments has been modified by a modification, the substitution matrix 
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score for each modified molecu le fragment is the modification score for that 
modification. 

58. (currently amended) The method of claim 52, wherein if the local mass- 
based alignment is a match between only one mass object from the sequence in the 
sequence database, and only one mass object from the de novo sequence, and that 
those mass objects represent single mo l ecu le s fragment , then the local alignment score 
for a substitution is the substitution matrix substitution score between the mol e cu le 
fragment in the sequence in the sequence database and the moloGulo fragment in the 
de novo sequence. 

59. (original) The method of claim 52, wherein the local alignment score for a 
substitution is the number of mo l ecu l es fragments in the substitution in the sequence in 
the sequence database multiplied by the average value of the substitution matrix 
substitution scores. 

60. (currently amended) The method of claim 52, wherein the local alignment 
score for a gap match is the number of mol e cu le s fragments in the gap match in the de 
novo sequence multiplied by the average value of the substitution matrix substitution 
scores. 

61 . (currently amended) The method of claim 48, wherein if the termini of the 
de novo sequence are expected to be specific mo le cul e s fragments , the match score is 
increased if the termini of the mass-based alignment match the expected specific 
molocu l os fragments . 

62. (currently amended) The method of claim 48, wherein if the termini of the 
de novo sequence are expected to be specific moloou l os fragments , the match score is 
decreased if the termini of the mass-based alignment do not match the expected 
specific mo l ocu l os fragments , or if expected specific mol o cu l os fragments are present 
inside the mass-based alignment. 
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63. (currently amended) The method of claim 1 , further comprising utilizing an 
approach that interprets matches between sequences in the sequence database and 
do novo sequ e nc e s said de novo sequence , which have been scored by a match score, 
as an identified macromolecule list and assigns a macromolecule score to each 
sequence in [[the]] said identified macromolecule list. 

64. (currently amended) The method of claim 63, wherein the match score is 
a measure of how well tho soqu e nc e said sequences in the sequence database 
match e s match the de novo sequence. 

65. (currently amended) The method of claim 64, wherein a de novo 
soquonces sequence that match matches at least one sequence in the sequence 
database afe is given a classification c l assif i od ao.o i thor d i ccr i m i nat i ng do novo 
sequenc e s or non discr i minating d e novo s e qu e nc e s, th e d e novo s e quoncos ar e and 
inserted into a de novo sequence list, and the de novo soquonc e s sequence in the de 
novo sequence list afe is ranked by their jts delta scoros score, which is the difference 
between the scores of the first and second best alignments for a given mass spectrum . 

66. (original) The method of claim 65, wherein the delta score is computed for 
the de novo sequence as the difference between the match scores of the first and 
second matches to sequences in the sequence database for that de novo sequence. If 
that de novo sequence only matches one sequence in the sequence database, the delta 
score is the match score for that match. 

67. (currently amended) The method of claim 66, wherein said classification 
is either a discriminating de novo sequence or a non-discriminating de novo sequence, 
wherein a discriminating de novo ooquoncos sequence is one that have has a delta 
score greater than or equal to the a delta score threshold and a non-discriminating de 
novo s e qu e nc e s sequence is one that have has a delta score less than the a delta 
score threshold. 
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68. (original) The method of claim 67, wherein the delta score threshold for 
the de novo sequence is between 0% and 25% of the match score of the highest 
scoring match between a sequence in the sequence database and that de novo 
sequence. 

69. (currently amended) The method of claim 67, AH wherein all matches 
between a sequence in the sequence database and a de novo sequence with match 
scores less than the match score of the highest scoring match between a sequence in 
the sequence database and that de novo sequence minus the delta score threshold are 
discarded. 

70. (currently amended) The method of claim [[60]] 69, wherein the sequence 
in the sequence database[[,]] wh i ch that matches best to the discriminating de novo 
sequence in the said de novo sequence list with the greatest delta score[[,]] is added to , 
the identified macromolecule list[[.]] A (or i gina l ) Th i s whereupon the said de novo 
sequence is then moved from the de novo sequence list to that sequenc e. 

71 . (original) The method of claim 70, wherein all non-discriminating de novo 
sequences in the de novo sequence list that match to that sequence in the identified 
macromolecule list are moved from the de novo sequence list to that sequence. 

72. (currently amended) The method of claim [[71]] 70, whoro i n tho process 
of 1 is repeated until all discriminating de novo sequences in the said de novo sequence 
list are removed from the de novo sequence list. 

73. (original) The method of claim 72, wherein all sequences in the sequence 
database that match to non-discriminating de novo sequences still in the ofe novo 
sequence list are added to the identified macromolecule list, and the non-discriminating 
de novo sequences still in the ofe novo sequence list are moved to those sequences. 

74. (original) The method of claim 73, wherein a macromolecule score is 
generated for every sequence in the identified macromolecule list. 
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75. (original) The method of claim 74, wherein the macromolecule score is a 
linear combination of the de novo macromolecule scores of the de novo sequences that 
have been assigned to that sequence. 

76. (currently amended) The method of claim 64, wherein a new sequence 
database is generated and stored on a computer readable medium, containing only the 
sequences in the sequence database that are listed in the identified macromolecule list. 

77. (currently amended) The method of claim 76, wherein de novo sequences 
that do not match any sequence in the original sequence database are re-analyzed by 
calculating a mass-based alignment between each de novo sequence in question and 
sequences in the new sequence database, as descr i bed i n c l aim 1 in a way that the 
search space explored by the mass-based alignment algorithm is increased. 

78. (original) The method of claim 77, further comprising: decreasing the 
specified length of tags. 

79. (original) The method of claim 77, further comprising: increasing the 
search depth. 

80. (original) The method of claim 77, further comprising: increasing the 
maximum number of consecutive substitutions. 

81 . (original) The method of claim 64, wherein de novo sequences that do not 
match any sequence in the original sequence database are re-analyzed by calculating a 
mass-based alignment between each de novo sequence in question and sequences in 
a different sequence database, as described in claim 1 . 
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82. (currently amended) A method for identifying sequences of molocul e s a 
macromolecule having a sequence and sequence modifications thereof from mass 
spectrometry data comprising: 

[[a.]] (a) produc i ng providing at least one de novo sequence from mass 
spectrometry data of sequences of mo l ocul e s fragments of said macromolecule . 

[[b.]] (b) calculating at least one mass-based alignment between each de novo 
sequence and sequences in a sequence database, wherein the molecular masses of 
molocul e s said fragments in the a de novo sequence are compared to molecular 
masses of mo l oou l os fragments in each sequence in the sequence database, 

[[c.]] (c) interpreting mass differences of mod i f i cat i on s i tos between the 
sequence in the sequence database and the de novo sequence using a modification 
catalog, said mass differences having that havo been identified by th e within said mass- 
based alignment as mod i f i cat i ons i dont i fiod i n a mod i ficat i on catalog 1 

[[d.]] (d) calculating at least one match score for the mass-based alignment that 
provides an indication of matching between the sequence in the sequence database 
and the de novo seouencefM . and 

(e) storing said score on a computer readable medium. 

83. (original) The method of claim 82, further comprising: identifying 
sequences in the sequence database from mass-based alignments in response to the 
match scores. 

84. (original) The method of claim 83, further comprising: grouping 
identifications of sequences in the sequence database from at least one de novo 
sequence into an identified macromolecule list that agrees with the de novo sequencing 
results. 
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